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INTRODUCTION 
A major problem i n dentistry fo r childre n is t h e manage ment 
of the cariously expos d den al pulp i n primar y tee th . I n th 
dental literature numerous pproaches hav e been a dvocat e d a nd used 
to preserve s uch teeth . These varied procedures i nclude pulp 
capping, pulp c urretage , pulpotomy, part ial pulpectomy a nd c omple 
pulpectomy. 
In recent years two principle methods o f t reatment o f e xposed 
primary pulps have ga i ned prominence i n pulp manaP,ement: t he calcium 
hydroxide method of pulpotomy nd t he f ormocresol t echni~ues o f 
pulpotomy. The formocr e so l pu lpotomy techni ques f or pr imar t ee t h , 
which have also been c a lled "The herapeutic Pulpo tomy, '' has been 
1 
_ accepted by many a s the treatment of choice hased o n t he h i h r a t e 
of clinical success over o ther techniques advocated t o p reserve 
cariously exposed primary teeth. 
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REVIEW OF LITERATURE t. 
2 
Buckley, in 1904, reconunended the use of formalin and tricresol 
for the treatment of putrescent pulps. He contended that the equal 
parts of formalin and tricresol would react chemically with the inter-
mediate and end products of pulp inflanunation to form "new, odorless, 
and non-infective compounds of a harmless nature." He stated, however, 
that this form of treatment was based on empiricism and he also warned 
that the formaldehyde should not be forced through the root apices 
because of possible irritation to the periapical tissues. 
3 
Sweet, in 19Z3, advocated a five-treatment modified pulpectomy 
procedure for cariously exposed deciduous teeth. The pulp was devitalized 
by arsenic and then treated with formocresol for three periods of forty-
eight hours each. The pulp was filled on the fifth appointment with 
carbo-eugenol, followed by a cement base and amalgam. 
4 
In 1930, Sweet modified his technique to a four-appointment treat-
ment. He utilized zinc oxide and eugenol for final filling of the pulp 
5 
chamber. Gardner, in 1935, condemned the use of arsenic for devitalization 
and utilized local anesthetics when performing pulpotomies in deciduous 
teeth. After amputation, hemorrhage was controlled by application of 
formocresol on a cotton pellet for about two or three minutes. The 
chamber was then filled with zinc oxide mixed with beechwood creosote 
6 
and a trace of formocresol. In 1937, Sweet likewise discarded the use 
of devitalization agents and modifed his pulpotomy technique into a three-
appointment procedure. Pulpal amputation was performed under local 
anesthesia. 
-1-
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In 1959, Emerson and his co-worker s s t ud ied the his ologic 
change in pulp t i ssue followi ng formocres ol application on human 
and rat pulp tissues. The t wenty human teeth were trea t ed with f ormo-
cresol for periods of a pp licat ion ranging from five minutes t o t hree 
weeks . At the second v i s i t ei ther the pu l p s t umps were dusted with 
calcium hydroxide , the teeth fill ed wi t h zinc oxide and eugenol , or 
the stumps were covered wit h a zinc oxide and eugenol - fo r mocresol 
paste and a restorat i on was placed . The t eeth were o t a i ned f or 
histologic evaluation two to e i ght weeks l ater . 
In both the rat molar a nd t he human pulps t reated by Emers on e t . 
7 
al. with formocresol, the pulpal reaction var i ed with t he t ot a l t i me 
the formocresol was in contact with t he amputated pulp. Tissue chan es 
varied from surface fixat i on t o complet·e calcif i c degeneration . 
surface fixation of the pulp t issue occurred f ollowing.a s hort period 
of application (five minutes t o t hree days) . Calcif·ic degeneration 
resulted in pulps with application beyond t hree days. Histolo ic 
examination presented three distinct zones. Directly beneath t he amputated 
area, the pulp showed a somewhat homogeneous yellow s taining a rea-- the 
immediate reaction of the f ormocresol with t he blood clot. Sub j cent 
to this area, a well def i ned and i ntact odontoblastic l ayer and normal 
appearing connective tissue elements were present. This was t he zone 
of fixa~ion. The pulp was onsidered i n s tatus quo position a n no 
metaplastic changes occurre . Below t he " f i xe " zone t here was ev i en e 
of pulpal tissue egenera t i on n calc ifica t i on. There was a a s e e 
of inflammator y e l l thr ou,h ut t he t r eat e pup, a s well a n e i e 
of internal r sorpt ion or eta pla t i c a ng • The au thor s co u e 
-2-
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that this technique could be classified as eitl,er vital or non-vital, 
depending on the length of formocresol application. 
8 
Mansukhani, in 1959, reported on the effects of formocresol on 
' 
the pulps of rats and forty-three human deciduous and permanent teeth. 
The treatment intervals for the human teeth varied from one minute to 
three years. Histologic interpretation indicated t hat the surfac of 
the pulp immediately under the formocresol became fibrous and acidophilic 
within a few minutes after the application of the formocresol. This 
was interpreted as a fixation of the living tissue! After s even t o 
fourteen days of formocresol application, the pulp showed three distinct 
zones: 
1. A broad acidOjilf.lic zone of fixation; 
2. A broad pale-staining zone wherein the cells and the fibers 
were greatly diminished (atrophy); and 
3. A zone of inflammatory cells concentrated a t the j unction 
with the pale-staining zone and diffusing deeply i nto the 
underlying pulp tissue of the apex. 
At sixty days and thereafter, it was thought t hat t he pulp was completely 
fixed and remained as only a strand of eosinophilic f ibrous t issue. 
For maxima! effectiveness as a germicide, nd minimal i rritation on 
pulp tissue, she suggested the formocresol be applied f or t wo t o three 
days and for no more than seven days prior .to placement of· a capping 
material. 
9 
In 1961, Dietz described the histologic effects of f ormocresol 
on forty non-carious deciduous cuspids. f ter the pulpotomy a nd control 
of hemorrl,age was obtained, a cotton pellet saturate with f ormocresol 
was placed over the amputated pulpal tumps and ealed i n with zin 
-3-
oxide and eugenol. The experimental period varied from twenty-
four hours to sixteen weeks. Dietz observed that there occurred 
a progressive non-inflammatory degeneration with an attempt to wall 
off the medication with a collagenous type of acellular band immediately 
below the amputation. This band, first seen as a thin zone in the 
twenty-four hour specimen, widened with each time interval until the 
sixteenth week, when it was still evident but seemed to be degenerating 
with the remainder of the original pulp tissue. Odontoblasts adjacent 
to the collagenous-like band maintained their vitality much longer than 
the odontoblastic layers in the remainder of the pulp. By the sixteenth 
week, no odontoblasts were noted. Dietz stated that the pulp tissue 
seemed to attempt to produce a new pulpal network of young proliferating 
fibroblasts. This appeared in the apical portion in the eight-week 
specimens and was present along the periphery of the pulp chamber at 
sixteen weeks. There was no evidence of inflammation in the pulp tissue 
-
until the eighth and sixteenth weeks and then to only a very mild degree. 
He concluded that, for any given tissue section, the greatest tissue 
breakdown was in the middle portion of the pulp tissue and the least was 
in the apical region. 
10 
Doyle, also in 1961, compared the effects of the formocresol and 
the calcium hydroxid~ pulpotomy technique on sixty-five mechanically 
exposed human deciduous teeth and concluded from the clinical, radio-
graphic and histologic results that the formocresol pulpotomy technique 
was superior. The time intervals for the histologic study group were 
four days to 380 days, and for the clinical study they were five to 
-4-
nineteen months. Doyle stated that the effects of formocresol were 
almost as pronounced at four days as in later specimens. The histo-
logic examination of the teeth treated with formocresol showed that 
the formocresol did not stimulate a healing response by the stump of 
the amputated pulp. At the amputation site were seen superficial 
debris from the blood clot, occasional dentin chips, and then a layer 
of well-preserved, compressed acidophillic tissue, which appeared some-
what fibrous. There was no evidence of calcification or organization 
for calcific bridging. Below the dark staining acidophilic layer, a 
large pale-staining area of slightly degenerated cells occurred, which 
extended nearly to the apex. Histologically, the formocresol pulpotomies 
were considered seventy-two per cent successful as opposed to a fifty 
. 
per cenJ: success rate for those teeth treated with calcium hydroxide. · 
C~inically and radiographically, success rates were one hundred per 
cent .and ninety-three per cent for the formocresol group as opposed to 
seventy-one per cent and sixty-four per cent for the calcium hydroxide 
group. Doyle felt that the success of the formocresol technique may 
be due to its "fixing" effect on the pulp tissue. 
11 
Spedding, in 1963, attempted to duplicate in twenty monkeys 
the one-appointment formocresol pulpotomy technique and to observe the 
response of the pulp and the periapical tiss_ues to the pulp dressing 
material: Formocresol was placed in contact with the amputated pulp 
stumps for approximately five minutes before a mixture of zinc oxide 
powder with one drop formocresol and one drop eugenol was placed as 
dressing over the amputated pulp stumps. All the . teeth treated with 
formocresol pulp dressing material gave evidence of vital tissue in 
-5-
• 
either the apical one-half or one-third, or in the major portion of 
the canal. Fixation, as a result of the formocresol, was in many 
instances diffuse in action and was observed to penetrate to the apical 
one-half or one-third of the same tooth. No apparent damage or adverse 
effects to the periapical tissues were observed in the block sections 
of eight teeth. 
12 
In 1965, Berger reported a study comparing the effects of 
pulp tissue to formocresol in a one-appointment formocresol pulpotomy 
technique to the effects of zinc oxide and eugenol cement on pulp tissue. 
Cariously exposed human deciduous molars were evaluated histologically, 
clinically, and radiographically three weeks to thirty-eight weeks 
postoperatively. Three weeks after formocresol treatment, the pulp 
tissue appeared compressed with good cellular detail. In the middle third 
of the canal, the cellular detail became less distinct and blended to 
complete absence of cellular detail in the apical third. These changes 
were amenable to repair by replacement with granulation tissue. The 
ingrowth of connective tissue through the apical foramen were seen after 
seven weeks, and appeared to be replacing the necrotic tissue coronal to 
it and, in the same region, to be resorbing the dentinal walls slightly. 
The teeth treated with formocresol in this study were vital on the basis 
of histologic and clinical criteria when examined thir~y-one weeks following 
treatment. The pulps of all those teeth treated with zinc oxide and eugenol 
presented active inflammatory reactions, and internal resorption was found 
consistently. 
13 
In 1965, Spamer studied a one-appointment formocresol technique 
in which the final pulpal covering was of zinc oxide and eugenol cement. 
-6-
At the amputation site, the initial reaction was an eosinophilic 
staining zone of pulp tissue. Beneath this zone was a pale-staining, 
almost acellular zone characterized by the presence of intracellular 
edema, hyperemia, and ·acute inflammatory cells. The middle third 
of the pulp tissue presented a fairly normal appearance except for 
the presence of some acute inflammatory cells. The apical third 
of the pulp appeared normal and was free of any inflammatory 
reaction. Specimens of longer postoperative intervals showed 
similar results, except that the pale-staining zone became more 
acellular and the inflammatory reaction apical to this zone increased. 
There was proliferation of fibroblasts in the middle and apical 
thirds. Deposition of secondary dentin was noted, and by six months 
postoperatively vital tissue was seen throughout most of the 
radicular pulp. 
14 
Beaver, Kopel and Sabes investigated the difference in pulp 
reaction after a five-minute formocresol application to subbases of 
either zinc oxide and eugenol with formocresol added. or to zinc oxide 
and eugenol alone. Investigation periods were one, two, and three months. 
The pulpal responses seen in this study were not those various well-
defined zones of degeneration, inflammation, calcific deposits, resorption 
and osteodentinization which had been reported by other investigators. 
Definite coagulation areas were predominant findings in this study, but 
"collagen-like" bends were not seen. There appeared to be no major 
difference in the histologic reaction, whether formocresol was used or 
not used in the subbase. 
15 
In 1968, Stratton and Han examined the reaction to formocresol 
of connective tissue cells in sponge implants and femur wounds, by means 
-7-
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of quantitative radioautography following proline-H injection. 
Formocresol was diluted to 1/50 of normal concentration for the 
sponge implant study and the normal concentration was tested on the 
femur. Formocresol used in 1/50 concentration caused degeneration 
of cells in the immediate vicinity of the sponge implant as judged hy 
" histologic examination and radioautographic grain counts. However, 
in all animals treated with formocresol a definite reduction in the 
number of infiltrating inflammatory cells was observed. By the tenth 
day the experimental and control sponges showed a comparable recovery 
of connective tissue ingrowth. This was also true for the repair in 
the femur wound area. It was concluded that formocresol does not 
interfere with prolonged recovery of connective tissue and might 
suppress initial inflammatory response significantly. 
15 
Stratton and Han felt that sucn a freedom from inflammation 
might be a beneficial aspect of formocresol treatment of the dental 
ptilp because an inflammatory response subsequent to pulpotomy could 
-create a serious clinical complication. However, the tooth would 
probably be able to withstand the temporary slowdown of the recovery 
process without manifestinc any clinical signs. 
16 
Stratton and Han, in 1970, hy means of quantitative radioauto~raphy, 
studied the synthesis of RNA by connective tissue cells subjected 
to varying concentrations of formocresol. Formocresol was tested 
in fuli concentration and in dilutions of 1/5, 1/~5, and 1/125. 
Tritiated uridine was the radloautographic marker used after implantation 
of polyvinyl sponges in the subcutis of hamsters. An evaluation of the 
labeling index indicated complete fixation of the tissue by the full conce·ntra tion 
-8-
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of formocresol, whereas at one-fifth concentration, a similar 
obliteration of RNA synthesis was ohserve-d during the second week 
of the postoperative period. The rP.lative number of functioning 
cells was high throughout the series and was clearly higher in sponges 
receiving lower concentrations of formocresol, suggesting a stimulated 
synthesis of RNA. They concluded that formocresol at one-fifth the 
usual concentration might be as effective as the full concentration, 
but much les.s irritating to tissue. 
17 
In 1971, Loos and Han assessed a histochemical profile of 
selected enzyme activities in connective tissue cells of polyvinyl 
sponge implants in the absence or presence of various dilutions of 
formocresol. The effects of formocresol were more severe among cells 
receiving the higher concentrations. Little differences were noted 
between the full concentration of formocresol and a one-fifth dilution 
in terms of initial effects of tissue fixation. However, an earlier 
recovery of enzyme activities was apparent after application of a one-
fifth dilution. It was concluded that a one-fifth dilution of formo-
cresol may be as effective as the full concentration and, at the same 
time, may provide a faster recovery from the cytotoxic effects of 
formocresol. Loss indicated that further studies on centration were 
necessary to arrive at the amount that will give the ideal tissue re-
action. 
18 
In 1972, Berger reviewed the chemistry and pharmacologic 
actions of the constituents of formocresol: formaldehyde and tricresol. 
Form~ldehyde is a colorless, strongly irritant, caustic pungent gas 
produced by the partial oxidation (incomplete combustion) of · methanol 
-9-
H 
I 
and has the chemical formulation H-C•O. It is readily soluble 
in water, with the aqueous solution (which is thirty-eight to 
forty per cent formaldehyde) being called formalin. Paraformal-
dehyde is the polymerized form of formaldehyde and precipitates 
from concentrated solutions. With dilution, paraformaldehyde 
is redissolved. It is a strong germicide and disinfectant. A 
solution of ten per cent formalin (four per cent formaldehyde) 
is utilized widely as a tissue fixative. Its action to prevent 
autolysis of tissue is believed to be caused by a complex chemical 
binding of formaldehyde with protein. This reaction of hinding i s 
reversible and the bond may be hydrolyzed in the human body by 
enzymatic action. The exact site of the chemical b inding i s thought 
to be the peptide groups of certain side chain amino acids, especially 
those amino acids that have dual peptide groups. Furthermore, 
formaldehyde is believed to link adjacent protein molecules by t he 
formation of methylene bridges between peptide groups of adjacent 
amino acids. Such cross linkages connect protein molecules without 
changing their basic over-all structure and probably underlie s ome 
of the altered chemical reactivity and increased tissue hardness. 
Because of its chemical binding action, f ormalin i s classified as 
an additive non-coagulation f ixative. This is a s opposed to ome 
other fixatives or to heat, both of which rast ically and i rrever. i bly 
alter the chemical and physical properties of the protein molecules. 
The chemical binding with the proteins of microorgani ms i s thought 
to be the ha is of formaldehyde's action as a bacteric de . 
-10-
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The reaction between formaldehyde and protein is slow, with the 
diffusion through soft tissues approximately five times slower than 
through blood plasma. The pH of the environment has a complex effect 
on the binding of formaldehyde and protein, with the greatest inter-
action under slightly alkaline conditions (pH 7.5 to 8). Formal-
• 
dehyde fixation does not cause a loss in volume of soft tissue, but 
subsequent dehydration in alcohol and paraffin embedding causes a 
shrinkage and distortion. 
Cresol, commercially known as tricresol, is a mixture of three 
isomericcresols obtained from coal tar, freed from phenol, hydro-
19 
carbons, and water. It occurs as a colorless or straw-colored 
refractive liquid, having a phenol-like odor and a burning, caustic 
. 
taste. It is soluble in fifty parts water at ordinary temperature 
(25 C.) and is miscible with alcohol, ether, glycerin, and all:ali 
hydroxide solutions. Cresol is a strong antiseptic, resembling phenol 
in its local action. It is said to be 2.5 times as active as phenol, 
but less caustic. Cresol possesses marked analgesic properties and, 
like all phenols, cresol acts as a local obtundent. The specific 
15 
action of cresol at the cellular level has not been determined. 
Cresol was empirically selected as an agent with which to dilute 
the formalin and modify the irritating action of the latter. According 
20 
to Buckley, the cresol was recommended for four principal reasons: 
1. It is miscible with the liquor formaldehyde in all 
proportions, thus making, with the addition of alcohol, 
a good pharmacal product from which formaldehyde gas is 
constantly generated. 
-11-
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I 
2. It is a good disinfectant--much more powerful than phenol. 
3. It possesses an anodyne property which modifies the 
irritating action of formaldehyde. 
4. It acts chemically upon fatty compounds, thereby 
disposing to advantage of these substances. 
The irritational potential of formocresol has been studied 
21 
by numerous researchers. Black, in 1920, sealed three drops 
of cres~l and formalin on the forearms of male volunteers. In 
all cases a deep inflammation was produced, with induration and 
22 
necrosis existing after a period of two months. Grossman, in 
1944, repeated the same experiment. Necrosis from formocresol 
application lasted from two to three months. In 1958, Rubbo, 
23 
Reich and Dixon studied the tissue toxicity of formocresol 
following subcutaneous injection in the ears of rabbits. Tissue 
necrosis was found after twenty-four hours. In spite of the 
fact the formocresol was found to be an active bactericide and to 
cause instantaneous sterilization, it was concluded that "these 
substances •••• have no place in topical chemotherapy." Schilder and 
24 
Amsterdam used mammalian soft tissues (the abdominal integument 
and eyes of rabbits) to test the inflammatory potential of formo-
cresol. F.ormocresol showed an extremely high irritant potential. 
-12-
Radioautography 
Radioautography has been defined as the production of a two 
or three dimensional image on a photographic film or plate by radio-
25 
active radiation. The image may consist of a black area seen by 
the unaided eye or as a random distribution of grains or tracts 
seen under the microscope. 
The first published biological application of radioauto~raphy 
26, 27, 28 
was that of E. S. London, in 1904. A live frog was ex-
posed to radium emanation. After death, it was placed on a photo-
graphic plate producing an radioautogram of the specimen. In another 
experiment a portion of the skin was removed and again the entire 
animal was placed on the plate. The radioautogram showed less black-
ening in the area corresponding to the removed skin, indicating a 
deposition of the daughter products of emanation on or in the skin, 
29 
At the same time, Bouchard, Curie and Baithazard used the 
~icroscopic radioautographic method in a similar experiment to study 
the distribution of inhaled radium emanation in tissue of a guinea 
pig. Their technique was not detailed, but they reported activity 
in varying amounts in the kidney, liver, spleen, heart, brain, lung, 
and adrenal gland. 
30 
Lacassagne and Latles, in 1924 reported their studies of the 
distribution of polonium and other elements in histological specimens. 
Their method was to embed the tissues and place the flat surface of 
the paraffin block, from which sections had been cut for staining, 
-13-
against the photographic plate. The radioautogram was compared with 
the stained sections, and the polonium located in the microstructures. 
Lacassagne called the results "autoradiographs" and "histoautor adiograp1s." 
31 
In 1930, Lomholt apposed 20-micron tissue sections to a plate 
and later removed them f or s taining. I n this manner the same section 
making the radioautogram could he s tudied h istologically . '·11th the he p 
of radi_um-D, Lombolt studied the deposition of l ead i n the microstru ture 
of the tissues of mice. 
32 
Belanger and Leblond in 1946 developed t he first s uccessful me hod 
for simultaneously observing the radioautor,ram a nd the s tained ti sue 
section under tl1e microscope. Their me thod consis ted in coverin the 
histologic tissue sections themselves with a photographic gelatin emul ion, 
which is developed after a sufficient exposure t o the rays o f the 
radio-element in the sections. Finally, tl1e section i s s t ained thro1 h 
the gelatin coating a nd mounted in the usu.:il fa shion. 
33 32 
In 1935, Chievetz a nd Hevesy employed P i n the f irst metabolism 
study utilizing an artificial radioactive isotope. Two years l ater, 
3l1 
the same investigators added odium radiophosphate t o th e d iets of 
rats and discovered that an a pprec iable portion of the r adioelement 
quickly found - its way into the bortes, teeth , muscles, nd other t i ues 
of growing and adult a nimals. n exchan ge phenomenon i n which i ndividual 
phosphorous aton1 in the teeth nd hones were displaced l1 y phosphorus 
atoms in the blood , and then were either eliminated or c arried to o ther 
organs, was demonstrated. 
• 
35 
In 1960, Sciaky and Pisanti first employed a radioautographic 
technique in the study of pulp tissue. They used radioactive calcium 
45 (Ca Cl2) contained within a paste of calcium hydro~ide to trace 
whether a diffusion of calcium ions occurred-from calcium hydroxide 
placed over amputated pulps into the dentin bridge or pulp of dogs' 
teeth. Radioautographs were obtained by pressing sections of the 
teeth tightly against the emulsion side of intraoral dental films for 
36-72 hours. The radioautographs were then superimposed on tracings 
45 
of the tooth outline. Their results showed that the Ca was confined 
to the calcium hydroxide dressing. Radioactivity could not be demonstrated 
in the area of newly formed dentin over the amputated pulp. 
36 
Pisanti and Sciaky later demonstrated in dogs that the calcium in 
the newly formed dentin bridge might stem from the blood stream. 
Following the calcium hydroxide pulpotomies, for a three week period, . 
the dogs were injected intravenously with 5 cc. of a solution of labeled 
calcium hydroxide. The sections were x-rayed and later radioautographs 
,Jere made. The radiographs of each section were then superimposed on 
the radioautographic plates for orientation. 
37 
Stark, Myers, Morris and Gardner also investigated the role of 
calcium hydoxide placed over an exposed pulp in the production of 
secondary dentin at the exposure site. 
The pulpotomies were performed on Rhesus monkeys. F~llowing 
extraction, the teeth were wrapped in aluminum foil and placed in a 
freezer to prevent dehydration. The teeth were later sectioned. The 
sections were then placed on the emulsion side of commercial x-ray 
film. Following eight weeks of exposure, tl1e films and sections were 
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exposed for four seconds to outline t he sections so as to permit 
orientation of any radioactive exposure. Their investigation pre-
sented evidence that the radioactive calcium migr ated from its 
point of deposition in the cavi ty preparation and produced s cattered 
areas of radioactivity in the pulp in twenty-five per c ent of 
the sections studied. 
38 
Gate-1ood and s orenson studied the penetration of fo r m lin 
into dentin and cementum. Freshly extracted h u an anterior tee th 
were totally immersed in a ten per cent neutral formalin s olution 
. 14 
to which C tagged formalin had h een added. The teeth were re ov d 
at specified time interva l s of 10 to 180 minutes a nd then c ross-
sectioned serially. X-rays ~ere taken to help e stablish the patency 
of t he root canal in each sect ion . Radioauto raphs were th en ob tain e 
The degree of penetration -1as de termined y c omparison of th e rad io-
graphs and t h e radioautographs. I n no s ingle time period -1as there 
the fixa ti1e. 
15 
complete penetration 
Straffon and an s tudies the reac tion o~ connective t issue to 
forrnocresol in spong e imp l ants and femu r \ Ounds, b y means o f quantitati e 
3 
radioautograph y fo lowing roline- 1 injec tion. · hey s howed that the 
3 
incor oration of proline-H into secr e ter r oteins o f t he c onnective 
tissue was severe ly suppressed i n f i b r oblasts o f olyviny s ponge i nlants 
when a 1/ 5 d i l ution -1as app lied. _he rad ioautographic cech ni u 
consisted f d ipping sele ted h i t o o ically p repared s i d es ,.,1h ich 
had been free from arap la t n 
* tra k emulsi n. Fol o i g '· e 
.yd rated , i nt o '.{odak '. :TR - 3 nuclear 
o f e xposure i n an a ir t i g t s i e 
~ Eastman l:(o ompan, 1" ..:he ter, . 'W Yor 
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box, the slides were removed, developed, and stained. Radio-
autographic grain counts were then made to determine the fibro-
blast activity as correlated between the regressive chan es occurring 
3 
in the cytoplasmic ultrastructure and the amount of proline-H taken 
up by the fibroblasts. 
16 
Straffon and Han utilizing improved quantitative radioauto-
graphic techniques showed that formocresol, at 1/5 dilution, produced 
an effect equal to that of full concentration, in terms of suppression 
of RNA synthesis, but caused less of the side effects produced by full 
concentration. 
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Vital Staining 
Vital staining is the method by which living cells are 
stained either after dissociation in the staining fluid (supra-
vital staining) or by injection of the dye into the living organism 
39 
(intra-vital staining). Vital staining demonstrates cytoplasmic 
structures by the phagocytosis of particles of dye into the 
' 
cytoplasm, or by the staining of pre-existing cellular components 
without any serious or obvious impairment of their vitality. The 
nuclear membrane of the living cell is impermeable to dyes, and it 
is not possible to stain the living nucleus. The surface membrane 
of the cell, however, under certain conditions, behaves as a permeable 
membrane towards some dyes. Vitnl dyes may be toxic if used in a 
40 
sufficiently high concent:ation. 
41 
Williams and Frantz presented a study on the histologic technics 
:of vital staining in both normal and damaged cells. They described 
four different circumstances or conditions of dyes occuring within 
cells and tissues through intraperitoneal injection: 
1. storage and segregation of dyes by macrophages; 
2. active excretion of the dye through renal proximal 
convoluted tubules, choriod olexus, and lactating 
mammary glands; 
3. diffuse staining of certain elements such as small 
and multivacuolar fat cells and mural elements of 
blood vessels; 
4. and staining or deposition in damaged cells. 
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A technique utilizing trypan blue to stain dense fibrous 
42 
connective tissue was described by Swigert and Williams. They 
showed that the rapid in vivo staining of dense connective tissue 
in mice resulted from attachment of the acid diazo dye to glyco-
protein of the connective tissue ground substance. Williams and 
43 
Frantz found trypan blue to he one of the most satisfactory 
dyes for vital staining of normal, as well as damaged cells. An 
acid diazo dye, trypan hlue is excreted by the kidney and stored 
as large granules in the macrophages of most tissues and organs. 
44 
Stallard and Schaffer demonstrated in mice the. reaction of 
the oral tissues to the injection of the vital dye trypan blue. The 
periodontal membrane, periosteum, subepithelial connective tissue, 
phagocytic cells and portions of the dental pulp were found to stain, 
while no staining was in evidence in normal epithelial cells, teeth 
and alveolar bone. Damaged epitheli~l cells, however, did stain with 
trypan blue. 
-19-
STATEMENT OF PROBLEM 
In recent years,the formocresol technique of pulpotomy 
has been advocated for the management of vital cariously exposed 
pulps of deciduous teeth. Its clinical use and broad evaluation 
have shown it to be a valuable treatment consideration. Extensive 
research, well controlled and critical, has covered the histologic 
response of the pulp tissue following treatment with formocresol. 
Periapical tissue involvement and reaction to the formocresol, 
however, has not been as well researched. 
The major objective of this study was an attempt to duplicate 
the formocresol pulpotomy procedure in a dog, using c14 tagged 
formocresol and trypan blue bound formocresol, in order to study 
the depth of diffusion of the tagged formocresol into the pulp 
ti~sue and to determine if the medicament actually diffuses to and 
involves the periapical tissue. 
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~1ETH0DS AND ~1ATERIALS 
This investigation was based on two series of experiments, 
one using freshly extracted human teeth and the other using dog 
teeth. The in vivo study in the dog allowed for experimental 
analysis under carefully controlled conditions. Dog teeth 
resemble human teeth morphologically and developmentally. 
Animal Series 
A thirty-five pound male dog was selected as the experimental 
animal for this investigation. The dog was anesthetized with 
pentobarbital sodium five per cent veterinary solution,introduced 
intravenously,in an initial dosage of 28 mg./kg. of body weight 
45 
(dosage determined by Turner et. al.). Thereafter, additional 
increments of the agent were titrated against the animal's re-
s_ponse during all procedures to assure a physiologically stable 
condition. Respiration, circulation and reflex activity were 
carefully monitored throughout the procedure and effectively 
maintained with proper anesthetic management. 
This anesthetic technique was repeated when the dog was 
operated on the second time. The animal was positioned on a 
surgical table in a lateral position with the head extended for 
proper access to the oral cavity and dentition. The tongue was 
moved out of the field of work and positioned to insure an un-
obstr·ucted airway. A cork stopper was used as a mouth prop and 
placed between the molar teeth on the opposite side of the field 
to be operated. 
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The working field was isolated with sterile 2" x 2" 
surgical gauze pads anrl cotton rolls. Segments of three teeth 
were isolat~together. The working field and teeth were cleaned 
with tinc t ure of netaphen and then wiped with a 2" x 2" surgical 
gauze pad, moistened with seventy per cent isopropyl alcohol i n 
order to enhance surgical cleanliness. 
All instruments used in the operating room were previously 
sterilized in an autoclave. All procedures were done with the 
operator wearing rubber gloves. 
The cavity preparations were prepared with a hi-speed dental 
engine, handpiece and sterile burs. Formocresol was the medicament 
used as pu~p dressing. The posterior teeth were treated with 
* 
Buckley's Formula of formocresol to which trypan blue was added 
making a one per cent solution of the vital dye. Formocresol 
·tagged with c l4 ** was specially prepared for use as anterior 
pulp dressing. 
The teeth were prepared for pulpotomy in the conventional 
manner. The pulps were exposed from the buccal and the coronal 
portion amputated by a sharp, long shank excavator. Hemorrhage 
was controlled with sterile cotton pellets moistened i n s terile 
water. The pulp chamber was irrigated and cleaned of deb r is 
with s terile water. \ ith hemostases, a pled~et of cotton, 
i mmersed in formocresol and blotted dry of excess med icament, wa 
* Crosby Laboratories, Burbank, California. 
;,* Ne\.• England uclear, Boston, .1assachusetts. 
The solution contained 1 me. of C14 f ormaldehyde with a specific 
activity of 56 me. 's per mLllimole. The f0rmaldehyde -1a 
diluted with non-radioactive formaldehyde to a n end point 
of 315 ~c/millimole, 1 pc /50 lambda and a total content of 35: 
cresol. 
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placed on the amputated stumps for a period of five minutes 
* 
and then removed. A zinc oxide eugenol base, Cavitec, was 
placed over the stumps, followed by a silver amalg~m alloy 
restoration. (Fig. 1-8) 
Twelve teeth were operated on. The maxillary right 
segment was first operated on with the c14 tagged formocresol 
used as pulp dressing on the amputated stumps of the three 
incisors. The three premolars were then treated with the 
trypan blue solution of formocresol. Six days later the 
maxillary left segment was similarly operated on. The incisors 
were treated with c14 tagged formocresol and the premolars were 
treated with the trypan blue solution of formocreso!. 
The do~ was sacrificed twenty-four hours following the 
second operation. The maxilla was dissected from the soft 
tissues, and prepared in block sections. The unoperated mandi-
bular prem·olar sections were also dissected in order to compare 
• 
pulps and periapical structures with those of the treated teeth. 
The maxillary anterior segments were sectioned interproximally 
and then frozen. The maxillary posterior sections, following 
careful removal of the silver amalgam alloy restoration were placed 
in fixativ~, as were the mandibular premolar segments. 
The frozen maxillary anterior sections were later cut in 
half in a bucco-lingual direction, parallel to the long axis. 
** . 
Each half was wrapped in clear food wrap and placed with the 
* Kerr lanufacturing Company, Romulus,. Nichip,an 
** 
11 Stretch-N-Seal 11 , Colgate-Palmolive Company, New York, New York. 
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flat surface of the exposed pulp and dentin against the emulsion 
* side of unexposed industrial x-ray film and held in position in 
specially constructed presses. The specimens were kept in light 
proof cartons. Seven days were allowed for exposure of the film. 
At the end of this period, the films, with the specimens in 
position, were exposed to x-ray radiation for three tenths seconds 
to outline the sections so as to permit orientation of the radio-
active exposure. The films were then developed and fixed. 
The maxillary and mandibular premolar sections were fixed, 
decalcified, dehydrated , and embedded in paraffin. Serial sections 
of each tooth were prepared. Ten micron thick sections were 
mounted and stained with hematoxylin and eosin. Fifteen micron 
• 
thick sections were mounted and prepared for clear viewing unstained. 
,• 
* Eastman Kodak Company, Rochester, ~ew York 
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Human :eries 
Fifteen freshly extracted deciduous and . permanent human 
teeth were used for this study. All but one of these teeth 
were non-carious and all were removed for orthodontic reasons. 
The teeth were operated on within minutes following ex-
traction. The teeth were kept in water prior to preparation. 
A hi-speed dental engine and handpiece,with a water spray 
coolant, was used to prepare the occlusal access to the pulp 
chamber. The coronal pulp tissue was excised with a long shank 
spoon excavator. The pulp chamber was then cleaned. A cotton 
pledget,immersed in formocresol and blotted dry of excess medi-
cament, was placed in the chamber over the amputated stumps for 
a period of five minutes. The pledget was then removed. A base 
of zinc oxide eugenol was placed over the medicata:l stumps, followed 
* 
by a temporary restoration of Cavit. 
l/+ C tagged formocresol was used as pulp dressing on seven 
of the extracted teeth. The remaining teeth were treated with the 
trypan blue solution of formocresol. 
The teeth were placed upright on soft wax bases in sealed glass 
jars for four weeks. Gauze squares, 2" x 2", saturated with water 
were also sealed in the jars. 
: The specimens were then sectioned. The premolars and canine 
specimens were cut in a bucco-lingual direction and the molar 
specimen, in a mesio-distal direction. Those teeth treated with 
the radioactive tagged formocresol were prepared for radioauto-
graphic study. The remaining ground secticns were studied micro-
scopically. 
* Premier Dental Products Company, Philadelphia, Pennsylvania 
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RE SULTS 
The radioautographs of both the seven day and twenty-
four hour specimens of dog teeth demonstrated that the area 
of placement of the original radioactive formocresol material 
was confined to the coronal portion of the pulp chamber and to 
the cavity preparation. Some of the sections, however , did 
spread within the zinc oxide eugenol dressing, which was placed 
over the fixed pulp stumps. ~10 difference was noted be tween 
the seven day and twenty-four hour preparations. (Fig. 14 ) 
These findings were also duplicated in the specimens of the 
freshly extracted human teeth. The area of radioactivity was 
confined to the coronal pulp chamber and in the zinc oxide eugenol 
d_ressing. In no instance was radioactive material observed i n 
pulp tissue below the point of amputation, in periapical tissues , 
in enamel, or in cementum. (Fig. 15) 
On examination of the vitally stained human preparations 
prior to sectioning, a blue translucency was observed in the 
coronal portion. The color s topped near the cervical line , 
approximating the point of excision of the pulp. The sect ioned 
specit .ens demonstrated blue sta ined dentin radiating la terally 
and occlusally from the am~u tated pulp tissue. The dye did not 
penetrate apically beyond the pulp tissue, nor did it penetrate 
into enamel or cementum. (Fig, 9-13) 
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Histologic analysis of the dog premolar teeth prepared for 
clear viewing demonstrated a zone of vitally stained pulp tissue 
cells, demonstrating damaged cells, in both the twenty-four hour 
and seven day specimens. These stained cells formed the super-
ficial layers at the excision site where the formocresol was 
introduced. No vitally stained cells were observed beneath the 
surface necrosis in the twenty-four hour preparation. Periapical 
tissue was not vitally stained in either case. 
Histologic examination of the twenty-four hour specimen of 
the dog premolar teeth which were stained with hematoxylin and 
eos.in demonstrated a surf ace necrosis with the formation of a 
collagenous-like band below the necrosis. In the middle portion 
of the pulp tissue there was a beginning hyperemia, with slightly 
engorged blood vessels. The odontoblastic layer was normal and 
continuous. Signs of inflammation were absent. The periapical 
tissues were normal. 
The seven day histologic sections exhibited a more highly 
organized and delineated collagenous-like band then was evident 
in the twenty-four hour section. There was surface necrosis, with 
fibrous tissue present. Cellular detail was poor. The pulp 
tissue in the middle portion of the pulp showed signs of advanced 
degeneration, necrosis, hemorrhage, extreme blood vessel engorge-
ment and edema. The apical pulp ti ssue and periapical t i ssue s howed 
a normal scattering of cells. No inflanunatory cells were pre sent. (F i g ,16) 
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CONCLUSIONS 
The radioautographic findings in the dog study strongly indicate 
that the penetration of the formaldehyde component of formocresol is 
limited to the superficial layer of necrotic pulp tissue which was fixed 
' 
by the five minute application of formocresol. In both the twenty-
four hour and the seven day specimens, the radioactive material was 
contained within the pulp chamber, and also observed in the zinc oxide 
eugenol base. In a radioautograph of a maxillary right central incisor, 
the radioactivity was especially well exposed and defined by the x-ray 
outline of the pulp chamber and the pulp tissue at the amputation site. 
The radioactivity did not diffuae through the dentin to the enamel, The 
other radioautographs were less exposed. The radioactivity, however, 
was observed in these specimens above the fixed pulp and localized in 
the zinc oxide eugenol base. The human extracted specimens likewise 
demonstrated a localized concentration of radioactivity in the zinc oxide 
eugenol base. In all the specimens no radioactivity was observed below 
- the point of amputation, in pulp tissue or in periapical tissue. 
The ground section specimens of freshly extracted human teeth treated 
with the trypan blue solution of formocresol were consistent with the 
radioautographic finding. The trypan blue partially diffused into dentin, 
although there was no penetration into the enamel. The path of diffusion 
was occlusally and laterally only. The excised pulp tissue, when fixed, 
. . 
acted as a barrier to further penetration and diffusion of the formocresol 
apically. 
7,8,11,12,13 
These findings are consistent with previous histologic 
and radioautographic studies. 
7 
38 
The surface fixation described by Emerson 
and his co-workers which occurred followin~ a short period of application 
of formocresol may act as a physical barrier limiting further penetration 
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of the fixative. The increased hardness of this surface tis s ue , according 
18 
to Berger, was related to the ability of the formaldehyde t o unit e with 
the tissue and to render it incapable of autolysis, yet amenab l e t o re-
placement by granulation tissue between peptide groups of adjacent amino 
acids and connecting the protein molecules without changing their bas ic 
15,16 17 
overall structure. Stratton and Han and Loss and Han f ound t ha t 
formocresol affected cells primarily in the immediate vic i nity of i t s 
application. 
The apsence of noticeable effects of the formocresol pulp dress i ng 
11 18 
material on the periapical tissue, as observed by Spedding , and Berger 
is in agreement with the findings of this study. Diffusion of t he f ormocresol 
is confined, above the excised pulp tissue and in the necrotic zone of t i s sue , 
and its penetration below this zone to periapical tissue does not oc cur . The 
periapical tissues remain unexposed to the pulp dressing and unaffected. 
Likewise, the incomplete permeability of dent i ne to f ormocresol, s 
38 
first described by Gatewood and Sorenson, was confirmed hy t his s tud y. 
The formocresol does not diffuse through dentine completely and t here fo re 
the pulp dressing remains confined within the pulp chamber. The enamel 
and dentine appears to be impermeable to formocresol. 
The histologic observations of this study a re i n basic a ggreement wi t h 
7 · 9 13 
the findings of Emerson, Dietz, and Sparner. This proj ect was only a 
seven day s~udy, therefore, ·a more detai l ed compari son of t he histo logy with 
these other investigations of longer durat i on i s di ffi cu l t . 
It is suggested that this study be cont i nued with r e fi nement s iQ the 
radioautographic technique utilizing more s ensit i ve x-ray plates with better 
resolution. Also, in continuing wi t h f urther rad ioa utographic res earch, a n 
invivo animal study, us i ng the pr i mary dent i t i on i s ne cessary t o examine 
the pulpal and periapical response · of primary mola rs when treat ed wi t h a 
five minute f ormocresol application, f ollowing pulpotomy. 
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The radioautographic and vital staining findings of 
this study indicate that pulp tissue, when treated with 
formocresol for five minutes following a pulpotomy, forms 
a band of coagulated tissue immediately below the surface 
necrosis which acts as a physical and chemical barrier to 
further · penetration of the fixative. The formocresol remains 
confined to the cavity preparation. The formocreso! does not 
diffuse completely through dentine nor is enamel and cementum 
permeated by formocreso!. Apical pulp tissue and the periapical 
tissue remains unaltered and unaffected by the formocresol. 
Additional research is required on formaldehyde containinp, 
drugs whose use is still largely based on- empiricism. Radio-
autography appears to be an excellent technique with which to 
study the diffusion and penetration of the formaldehyde component 
of formocresol, when used as pulp dressing for pulpotomies. 
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APPENDIX 
Figure 1 
Figure 2 
Preoperative view, maxillary 
left second premolar of dog. 
Buccal preparation of maxillary 
left second premolar of dog for 
access to coronal pulp. 
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Figure 3 
Figure 4 
Moist sterile cotton pledget in contact 
with pulp tissue, to control hemorrhage, 
following amputation of coronal pulp tissue 
of maxillary left second premolar. 
Pulp chamber and amputated pulp 
tissue stumps, of maxillary left 
second premolar, following hemostasis. 
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Figure 5 
Figure 6 
Pledget of cotton, moistened in 1% 
trypan blue solution of formocresol and 
blotted dry of excess medicament and placed 
on the amputated root stump of the maxillary 
left second premolar of the dog. 
The pulp chamber and the amputated root 
stump of the maxillary right second premolar 
of the dog, fixed for five minutes with 1% 
trypan blue solution of formocresol. 
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Figure 7 
Figure 8 
Cavitec on the pulp stumps of the 
maxillary left second premolar of 
the dog following amputation and 
fixation of the pulp. 
The maxillary left second premolar of the 
dog with the silver amalgam alloy restoration 
in position. 
-42-
Figure 9a 
Figure 9b 
Figure 9a and 9b 
The buccal view. 
The occlusal view. 
Human premolars showing the diffusion of 1% 
trypan blue solution of formocresol followin g 
a five minute application of the pulp medicamen· 
to an amputated pulp stump. The specimen on 
the right was the vitally stained. 
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Figure 10 
Figure 11 
Bucco-lingual sections of a freshly extracted 
human premolar showing deposition and diffusion 
of the vital stain from its point of placement 
in the cavity preparation. 
Bucco-lingual sections of a freshly extracted 
human premolar showing deposition and diffusion 
of the vital stain from its point of placement 
in the cavity preparation. 
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Figure 12 
Figure 13 
Bucco-lingual sections of a freshly extracted 
human premolar showing deposition and diffusion 
of the vital stain from its point of placement 
in the cavity preparation. 
Mesia-distal sections of a freshly extracted 
human primary molar showing deposition and 
diffusion of the vital stain from its point 
of placement in the cavity preparation. 
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Figure 14 Radioautograph of maxillary right incisor 
of dog showing deposition and diffusion of 
radioactive material from its point of 
placement in the cavity preparation. 
Figure 15 Radioautographs of freshly extracted primary 
and permanent human teeth showing deposition 
of radioactive material from its point of 
placement in the cavity preparation. 
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Figure 16 Photomicrograph of a decalcified section 
from a seven day specimen. The tissue 
was stained with hernatoxylin and eosin 
and demonstrates the pulpal response to 
formocresol following coronal pulp amputation. 
(Mag. lOOx) 
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